The active site for the water oxidizing anodic iridium oxide probed through in-situ Raman Spectroscopy
(amplitude 10 mV). IrO x was investigated as electrodeposited on gold foil. Gold foil was prepared by electrochemical roughening using a method highlighted by Liu et. al. 1 The electrode was cycled from -0.08 to 1.42 V in 0.1 M NaCl. The electrode was held at -0.08 V for 10 s and at 1.42 V for 5s during each cycle. The scan rate was 500 mV/s for 25 cycles. The electrode was then cycled in 0.1 M HClO 4 from -0.2 to 2.1 V with scan rate 500 mV/s for 200 cycles.
Method highlighted by Mallouk et al was used to prepare the solution for electrodeposition. 2 The solution of IrO x (10 mM) was prepared by dissolving the precursor (H 2 IrCl 6 ) in 0.5 M NaOH and heating it 90°C for 20 minutes. Finally, a blue colored solution was obtained which was used for depositing IrO x on Au. For electrodeposition, the potential was held at 1.5 V for 5 min. The electrodeposition process can essentially be described as electrocoagulation (acid condensation) of IrO x monomers to form polymeric species under acidification near the electrode surface.
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For the in situ SERS experiments, the potential was maintained for 30 s at each potential step (0.1 V) and Raman spectra were collected for 10 s. Experiments of IrO x /Au were conducted in situ Raman cell, using a Biologic VSP-300 potentiostat. Raman spectra were collected by Ocean Optics QE65 pro spectrometer using 785 nm Laser source. Laser intensity was maintained at 500 mW (at the source), which was focused on a spot size of 0.1 mm 2 . One mm of the electrolyte was always maintained on top of the electrode during all experiments. Sample degradation due to heating from the Laser could be easily ruled in submerged samples. Effect of Au substrate may be non-negligible, but it is a necessary evil as one needs a conducting substrate to electrodeposit the catalyst. Compared to other wellknown substrates such as carbon (which corrodes to CO 2 under these potentials), ITO or FTO, Au is relatively inert at potentials of oxygen evolution and allows for consistent interpretation of results. Besides this, a Au substrate allows the possibility of Surface Enhancement for
Raman signals
The IrO x was deposited on a roughened Au foil at 1.5 V for 5 min from 10 mM solution of IrO x . It was evaluated in NaOH 0.1 M using cyclic voltammetry between 0 -1.5 V at 100 mV/s. The CV of IrO x /Au ( Figure S1 (a)) is essentially the superposition of CV of pure IrO x (Figure S1 (c)) and that of bare Au ( Figure S1 (b)). Peaks ( Figure S1 (a)) appearing around 0.65 and 0.9 V correspond to oxidation of Ir. 2 Oxidation peak at around 1.3 V belongs to the oxidation of the Au substrate. The reduction peak at 1.05 V shows the reduction of electrochemically formed AuO x . The onset of oxygen evolution reaction (OER) can be seen at 1.5 V. CV of the electrochemically grown oxide (on Ir foil) and bare Au foil are shown for comparison. The potential region has been divided from region R1 to R4 for the ease of discussion in the main text. It is well known that the redox behavior of these materials is pH dependent as clearly evident in the CVs shown in Figure S1 (c, d). Since the degree of condensation is affected by pH, these materials are likely to be polymerized to different extents with the alkaline electrolyte showing smaller degrees of polymerization. Figure Figure S3 ). In the previous publication, we have shown that the chains of edge-sharing octahedral-[IrO 6 ]n provide a good model for describing the anodically formed Ir oxides. These octahedra are linked to each other via µ-oxo type linkages. The overall peak structure of the materials under acidic conditions is not exactly the same, although a three peak pattern between 400 -700 cm -1 can be seen. This happens because the tendency for the IrO 6 octahedra to condense into chains is less in alkaline media. The materials essentially electroprecipitates from the alkaline bath due to local acidity (due to oxidation and creation of protons during OER) at the anode. But once this material is transferred to an acidic electrolyte (e.g. 0.5M H 2 SO 4 ), the material is more robust condensate.
The structural behavior is essentially same as that observed in IrOx/Ir-foil. The h peak is visible in acidic medium too but to a much smaller intensity and is very close to 790 cm -1 originating from pure Au spectrum ( Figure S4(a) ). The h peak repoted in Figure 2 have been background corrected. For background correction a linear background connecting anchor points at either side of the peaks was substracted. For representation, the peaks have been normaized to keep the intensity of peak at 316 cm -1 same in all spectra. In alkaline media the material has a smaller tendency to condense at high potentials where protons are produced.
This allows the material to retain a relatively more open structure in alkaline media and allows for much more active sites resulting in much higher activty ( Figure S2 ). Besides this, the redox peaks of the materials are known to respond to pH which is clearly reflected in the CVs shown in Figure S1 . 
Theoretical Calculations:
All calculations have been performed with the ORCA program package. 4 Geometry optimizations of trimeric model systems were carried out by using starting structures constructed by hand For this purpose, a bis (µ-O 2-) bridged linear chain of three low-spin Ir(IV) atoms was built, which was saturated for each Ir to octahedral geometry by adding water molecules and two hydroxides on each terminal Ir(IV) in order to balance the total charge. The calculations employ the BP86 functional 5 together with the def2-SVP basis set [6] [7] and the resolution of identity (RI) approximation. Relativistic corrections were taken into account in zero-th order regular approach. [8] [9] Calculations of the Raman spectra have been performed as implemented in ORCA. In order to crudely simulate the effect of surface modification, a water molecule on the middle Ir 4+ has been replaced by either an oxo or hydroperoxo entity. Optimization of these structures rendered the central Ir 4+ to be 5coordinate with an approximate trigonal bi-pyramidal coordination geometry ( Figure S6-S8 ). 
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